INTRODUCTION
============

Despite some advancement in prevention, diagnosis, and treatment of malignancy over last decades, colorectal cancer (CRC) is still the third contributor to the cancer-death in United States.^[@R1]^ Colonoscopy is an effective approach to detect and remove the precancerous lesions^[@R2]^ and issued data well demonstrate that successful implementation of colonoscopy can reduce ∼50% mortality rate of CRC.^[@R3],[@R4]^ Consequently, the colonoscopy technique has been recommended to screen and treat CRC.^[@R2]^ Significantly, however, adequate bowel preparation plays a key role in successful implementation of colonoscopy and is the guarantee of proper screening efficacy.^[@R5]^ Published studies revealed that ∼20% to 25% inadequate bowel preparations were caused mainly by low patient-based compliance, poor palatability of bowel preparation solution, and large volume preparation solution.^[@R6],[@R7]^ It should be noted that, however, low patient-based compliance is the critical one in numerous reasons of causing inadequate bowel preparation.^[@R8],[@R9]^

Clear liquid diet (CLD) is an established modified regime of normal diet, which do not include any solids, milk, and fruit juices containing pulp.^[@R10]^ Traditionally, CLD is extensively adopted to perform bowel preparation on the day prior to colonoscopy.^[@R5]^ However, these shortages of the bowel preparation regime, such as too restrictive, containing insufficient calories and high risk of causing several adverse events (AEs), significantly impair the patient-based compliance.^[@R11],[@R12]^

To address these issues existed in CLD regime, researchers and clinical practitioners explored some novel bowel preparation regimes, of which low-residue diet (LRD) regime is increasingly concerned. LRD is also a modified regime of normal diet, which contain daily \<10 to 15 g fiber.^[@R13]^ Several published randomized controlled trials (RCTs) have investigated the comparative efficacy of LRD relative to CLD in improving the quality of bowel preparation in patients scheduled to colonoscopy;^[@R5],[@R11],[@R12],[@R14],[@R15]^ however, the conclusion remains unclear. Nguyen and colleagues performed a study with meta-analysis to systematically assess the efficacy of LRD compared to CLD in implementing bowel preparation.^[@R16]^ These authors incorporated 5 eligible RCTs including 870 patients into their study. The satisfaction with bowel preparation, patient-based tolerance, patient-based willing to repeat the same preparation regime in future, and AEs were listed to be as the outcomes of interesting in this study. It must be noted that, however, the insufficient recall ratio may decrease the power of their study. Moreover, their study did not include the primary outcomes for bowel preparation on the day prior to colonoscopy, such as the quality of bowel preparation and the efficacy of colon cleansing.

Conflict conclusions will confound the informed decision-making and obstacle clinical practice eventually. Consequently, we performed this systematic review and meta-analysis of RCTs concerning comparative efficacy of LRD relative to CLD in performing the bowel preparation on the day prior to colonoscopy to facilitate evidence-based practice.

METHODS
=======

The Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA),^[@R17]^ Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0^[@R18]^ and guideline issued by Center for Review and Dissemination (CRD)^[@R19]^ were compiled to improve the reporting quality of our study. We also registered the prospective protocol of this systematic review and meta-analysis on PROSPERO database and a registration number of CRD42015023929 has been approved (http://www.crd.york.ac.uk/prospero/). Ethical approval and patient informed consent were not needed because all analyses were performed on the basis of previous information.

Selection Criteria
------------------

We prespecified study selection criteria according to the PICOS acronym (population, intervention, comparison, and outcome), and the details are as follows: (1) *P*: all adults with age ≥18 years scheduled for colonoscopy were eligible for our study. (2) *I* and *C:* LRD versus CLD. (3) *O*: the quality of bowel preparation (excellent--good preparation), efficacy of colon cleansing, patient tolerance, willing to repeat, compliance with dietary regime, and adverse events (AEs) will be evaluated in our study. (4) *S*: only RCTs that comparing LRD with CLD in terms for bowel preparation prior to colonoscopy were included into our study. Any divergences between authors concerning the eligibility of a study were resolved by consulting a third author until a consensus was reached.

Literature Search
-----------------

Comprehensive literature search is the core to guarantee generation of reliable and valid meta-analysis results. Two investigators were assigned to independently search potential studies comparing LRD with CLD in terms of bowel preparation before colonoscopy in PubMed, EMBASE, Science Direct, the Cochrane Central Register of Controlled Trials (CENTRAL), recent abstracts from major conference proceedings (Digestive Diseases Week, American College of Gastroenterology), Google Scholar, and Clinicaltrials. gov (http://clinicaltrials.gov) through May 2015. The search terms used to perform the search process were as following: "colonoscop^∗^," "Colonoscopic Surgical Procedure^∗^," "Colonoscopic Surger^∗^," "low-residue diet^∗^," "low residue diet^∗^," LRD, NutraPrep, "low residue product^∗^," "low-residue product^∗^," "clear liquid diet^∗^," "clear-liquid diet^∗^," CLD, "clear liquid product^∗^," "clear-liquid product^∗^," "clear water," random^∗^. We summarized all search strategies in Additional File 1. We also manually searched the reference lists of topic-related reviews and eligible studies to include any latent articles and eventually guarantee recall ratio. Only studies in English were included. Consensus is the approach to address the divergences concerning the search of citations and eligibility of information.

Study Selection and Data Extraction
-----------------------------------

After obtaining eligible full text, 2 independent investigators to abstract the information using predesigned standard data extraction form (Additional File 2). If essential information for our analysis was inadequate, we will contact associated author. Any disagreements occurred at this stage were resolved by consulting a third investigator.

We prespecified all outcomes of interest prior to conducting this full-text systematic review and meta-analysis. The primary consists of the quality of bowel preparation and efficacy of colon cleansing. For these primary indices, Boston Bowel Preparation Scale (BBPS), Ottawa Bowel Preparation Scale (OBPS), Aronchik scale or other rating scales were selected to evaluate the efficacy of bowel preparation in accordance with specific criteria. Patient tolerance to bowel preparation regime, willings to repeat the same bowel preparation regime in future and adverse events (AEs) were specified as secondary outcome measures of interest in this study. These indices were assessed by self-reported or recorded by using nonstandardized questionnaires administered after performing the bowel preparation, and all data for secondary outcomes were extracted from associated questionnaires.

Assessing the Risk of Bias and Grading the Quality of Evidence
--------------------------------------------------------------

We adopted the Cochrane risk of bias assessment instrument to assess the methodology quality of each of eligible study.^[@R18],[@R20]^ Six domains including selection bias, performance bias, detection bias, attrition bias, reporting bias, and other bias were critically assessed accordingly for the purpose of judging the level of risk of bias of each included study. Each domain was rated as "high bias risk," "unclear bias risk" or "low bias risk" depends on the match degree between information extracted and assessment criteria.^[@R18]^ A point should be noted is that study which explore the adequacy of bowel preparation cannot be logistically designed as double blinding, the performance bias domain was rated as "low bias risk" if the endoscopist was blinded to the protocol and other medical staffs and patients were instructed not to discuss the protocol-related information with the given endoscopist.

We used the Grades of Recommendation, Assessment, Development and Evaluation system (GRADE) to grade the qualities of evidence for all outcomes. The level of evidence will be graded as high, moderate, low or very low on the basis of assessing risk of bias, inconsistent, indirectness, imprecision, and other considerations.^[@R21]^ We used the GRADE profiler software version 3.6 to evaluate the quality of evidences (http://www.gradeworkinggroup.org/).

Statistical Analysis
--------------------

All analyses were performed using RevMan 5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2013). The pooled effect was expressed as relative risk (RR) and the standard mean difference (SMD) with 95% confidence intervals (CIs) for dichotomous and continuous data, respectively. We also qualitatively evaluated heterogeneity across studies using Cochrane\'s Q statistic with *P* value. The degree of heterogeneity was quantified using *I*^*2*^ statistic, which is defined as the variation degree can be explained by heterogeneity. An *I*^*2*^ of ≥50% or *P* \< 0.1 indicated that pooled estimates may be impaired by heterogeneity. In contrast, if *I*^*2*^ was \<50% and *P* \> 0.1, the studies were considered to be homogeneous. Each separate meta-analysis was performed via a random-model based on Mantel-Haenszel (MH) or a fixed-effects model based on the inverse variance (IV) statistical approach according to the clinical characteristic and methodology of eligible studies pooled. Subgroup analysis was conducted according to various measurements.^[@R22]^ A qualitative analysis was used to describe the studies, in which data was incomplete, heterogeneity can affect the pooled results or lack of a number of studies to pool. Owing to the limited number (below 10) of studies included in each analysis, publication bias was not assessed.^[@R23]^ Moreover, we conducted power analyses of eligible individual studies and meta-analyses using G^∗^Power software (version 3.1.9.2).^[@R24]^

RESULTS
=======

Identification and Selection of RCTs
------------------------------------

We captured 109 citations at the initial search stage. The EndNote version 7.1 was used to sort all records. Eighteen were eliminated from all due to duplicate, and 74 were classified into exclusion file after screening title and abstract. Of which, 3, 1, and 70 were review, specialist comment, and unrelated to our topic studies, respectively. We further assessed the full-text of remaining records, and 12 studies were excluded due to unrelated to our topic, guideline, abstract file, and inappropriate target colonoscopy technique (patients scheduled to accept the PillCam Colon Capsule Endoscopy). As a result, we incorporated 7 eligible studies^[@R5],[@R11],[@R12],[@R14],[@R25]--[@R27]^ into our study ultimately. Of these 7 articles, 2^[@R25],[@R27]^ were included based on checked references of eligible and function of related citations of electronic database. Figure [1](#F1){ref-type="fig"} displayed the process of retrieval and selection of RCTs.

![Flow diagram of literature retrieval and selection: 109 potential citations and additional 2 records were initially obtained and eventually 7 eligible studies were incorporated into this systematic review and meta-analysis.](medi-95-e2432-g001){#F1}

Basic Information of All Eligible RCTs
--------------------------------------

Table [1](#T1){ref-type="table"} presented the basic information of all eligible RCTs. The publication year of all eligible studies spanned from 2005 to 2014. For all eligible studies, 5 were performed in USA. One study^[@R5]^ conducted by Rapier and colleagues was a 3-arm design, and thus we only extracted corresponding information that was applicable to our topic. Consequently, sample size of each study varied from 75 to 506 and the sum was 1590. Three studies^[@R11],[@R14],[@R26]^ reported the number of patients experienced the colonoscopy previously. The quality of bowel preparation was judged by using criteria of "poor," "intermediate," "good," and "excellent" in study performed by Delegge et al^[@R14]^ and Scott et al,^[@R27]^ Melicharkova et al^[@R25]^ and Park et al^[@R26]^ used OBPS to assess the adequacy of bowel preparation, Rapier et al^[@R5]^ assessed this given outcome of interest using 5 point self-made scale of "excellent," "good," "fair," "poor," and "very poor," and Sipe et al^[@R12]^ and Stolpman et al^[@R11]^ adopted BBPS to evaluate this index. Corresponding custom questionnaires and self-reported methods were used to measure the status of other outcomes.

###### 

Basic Characteristics of 7 Trials Included into this Systematic Review and Meta-Analysis

![](medi-95-e2432-g002)

Methodological Quality of Eligible RCTs
---------------------------------------

We evaluated the risk of bias of each eligible study using the Cochrane Risk of Bias Tool. Of all eligible studies, 4 generate appropriately random sequence using random number table,^[@R25]^ stratified randomization,^[@R26]^ and computer-generated randomization table.^[@R5],[@R12]^ Two eligible adopted sealed opaque envelope^[@R25]^ and specific coordinator^[@R26]^ to carried out allocation of randomization. All studies performed blinding to colonoscopists. All studies reported the number and reasons of drop-out and Melicharkova and colleagues^[@R25]^ adopted intention--to--treat (ITT) to analyze results. All eligible studies reported the results of expected outcomes of interest. Figure [2](#F2){ref-type="fig"} graphically presented the methodological quality.

![Assessment of risk of bias: (A) risk of bias graph, (B) risk of bias summary; the whole quality of all eligible studies was good because most of risk of bias indices were rated as low risk and no index was graded as high risk.](medi-95-e2432-g003){#F2}

Quality of Evidence
-------------------

We reported the quality of evidence for each outcome except for individual AEs in the Table [2](#T2){ref-type="table"}. The quality of bowel preparation (excellent--good preparation), efficacy of colon cleansing and overall AEs were listed as critical outcome and remaining outcomes were important. For the efficacy of colon cleansing, we provided separate quality of evidence based on subgroup, which was conducted according to different measurements. The levels of evidence for the quality of bowel preparation (excellent--good preparation), patient tolerance, willings to repeat the same diet regime in future, and overall AEs were moderate. The level of evidence for efficacy of colon cleansing and compliance with dietary regime were rated as low and very low, respectively.

###### 

GRADE Evidence Profile

![](medi-95-e2432-g004)

The Quality of Bowel Preparation
--------------------------------

Of all eligible studies, 5^[@R5],[@R11],[@R14],[@R25],[@R27]^ including 1171 participants reported the excellent or good bowel preparation and were incorporated into this meta-analysis. We adopted the fixed-effects model to compute the summary effect estimate because no clinical characteristics and methodological differences were detected in these 5 studies, and the heterogeneity (*I*^2^ = 16%, *P* = 0.31) was at the level supported to select this model. This meta-analysis indicated no difference between dietary regimes in terms of excellent or good bowel preparation (RR, 1.01; 95% CI, 0.91--1.13; *P* = 0.39), and the forest plot was presented in Figure [3](#F3){ref-type="fig"}. The pooled result on this given outcome of interest was supported by moderate level evidence.

![Meta-analysis on the quality of bowel preparation (excellent---good preparation): 5 eligible studies including 1171 participants were included and no significant difference for this given outcome was identified based on a fixed-effect model.](medi-95-e2432-g005){#F3}

Efficacy of Colon Cleansing
---------------------------

Three eligible studies,^[@R12],[@R25],[@R26]^ in which 316 and 296 participants were randomly divided into LRD and CLD arm, respectively, were included into this separate meta-analysis because data on efficacy of colon cleansing were extracted from them. Two studies^[@R25],[@R26]^ used OBPS to evaluate this index and remaining^[@R12]^ adopted BBPS to do it. Consequently, a subgroup analysis was conducted based on different measurements. No difference was identified between regimes in terms of efficacy of colon cleansing based on random-effects model subgroup analysis, which was supported by low level evidence (SMD, −0.04; −0.27 to 0.18; *P* = 0.70). Figure [4](#F4){ref-type="fig"} presented the graphical results.

![Meta-analysis on the efficacy of colon cleansing: subgroup analyses according to OBPS and BBPS were not statistically significant. BBPS = Boston Bowel Preparation Scale, OBPS = Ottawa Bowel Preparation Scale.](medi-95-e2432-g006){#F4}

Patient Tolerance
-----------------

A total of 7 studies were incorporated into our study. Of which 5^[@R5],[@R11],[@R14],[@R25],[@R26]^ published the data of patient tolerance to recommended dietary regimes, and 1078 participants were enrolled. However, reporting format on this given outcome in study performed by Park and colleagues^[@R26]^ is different from others, and thus only 4 studies were incorporated. The heterogeneity was identified (*I*^*2*^ = 3%, *P* = 0.38), and thus we performed fixed-effects model separate meta-analysis to calculate the summary effect estimate. The moderate level evidence suggested that there was a near-significant difference with more patients reporting tolerance in the LRD group (RR, 1.06; 95% CI, 1.02--1.11; *P* = 0.00). Certainly, the result reported by Park et al also supported that LRD improved the patient tolerance (*P* = 0.03). We also presented corresponding separate and pooled results in Figure [5](#F5){ref-type="fig"}.

![Meta-analysis on patient tolerance to the same diet regime in future: 4 eligible studies which enrolled 995 participants reported this given outcome and patients in LRD diet regime group reported better tolerance based on a random-effect model. LRD = low-residue diet.](medi-95-e2432-g007){#F5}

Willings to Repeat
------------------

Effective information on willings to repeat the same bowel preparation regimes in future was abstracted from 3 eligible studies,^[@R11],[@R14],[@R26]^ in which 492 and 429 participants were randomly recruited into LRD and CLD arm, respectively. The heterogeneity test did not detect significant statistical heterogeneity (*I*^*2*^ = 0%, *P* = 0.44); therefore, a fixed-effects model was used to conduct this separate meta-analysis. The meta-analysis indicated that the willings to repeat in LRD arm was higher than that of CLD arm (RR, 1.17; 95% CI, 1.09--1.26; *P* = 0.00). The graphical result can be obtained from Figure [6](#F6){ref-type="fig"}. Moderate level evidence supported this pooled result on the willings to repeat the same diet regime in future.

![Meta-analysis on willings to repeat the same diet regime: 3 studies including 921 eligible participants were incorporated and the patients were prescribed to use the LRD diet regime; they were allowed to select the same diet regime if a bowel preparation is needed in future according to the synthesis analysis based on a fixed-effect model. LRD = low-residue diet.](medi-95-e2432-g008){#F6}

Compliance With Dietary Regime
------------------------------

We identified 3 eligible studies^[@R5],[@R11],[@R25]^ including 489 participants to calculate the pooled effect estimates on compliance with dietary regime. The statistical heterogeneity was detected (*I*^*2*^ = 85%, *P* = 0.00); thus we adopted this random-effects model to perform this separate meta-analysis on compliance with dietary regime. The result of which the compliance in the LRD group was not superior to that of the CLD group was obtained (RR, 0.97; 95% CI, 0.87--1.08; *P* = 0.58) and the forest plot was presented in Figure [7](#F7){ref-type="fig"}. But it is noted that this result was only supported by very low evidence.

![Meta-analysis on compliance with recommended diet regime: 3 eligible studies in which 489 participants were recruited provided the essential information on this outcome and the pooled result based on a random-effect model indicated no statistically significant difference.](medi-95-e2432-g009){#F7}

Adverse Events
--------------

Three studies^[@R14],[@R26],[@R27]^ included in this systematic review and meta-analysis reported overall adverse events (AEs) and all incorporated to compute the summary effect estimate. We adopted *I*^*2*^ statistic to test heterogeneity across studies and no statistical heterogeneity was identified (*I*^*2*^ = 0%, *P* = 0.69). Consequently, a fixed-effects model was used to conduct this separate meta-analysis. The incidence of AEs in the LRD group was comparable with that of the CLD group (RR, 0.99; 95% CI, 0.88--1.12; *P* = 0.92). The forest plot on overall incidence of AEs was presented in Figure [8](#F8){ref-type="fig"}.

![Meta-analysis on overall AEs: 3 studies including 905 were eligible for the inclusion criteria prespecified in our study and the synthesis analysis with fixed-effect model did not indicate statistically significant difference.](medi-95-e2432-g010){#F8}

We performed 6 meta-analyses to separately calculate the summary effect estimates of the most common individual AEs including hunger, bloating, abdominal pain, nausea, vomiting, and headache. These separate meta-analyses results did not detect significant differences between dietary regimes in terms of incidence of individual AEs. Corresponding forest plots were summarized in Table [3](#T3){ref-type="table"}.

###### 

Pooled Results of Individual AEs

![](medi-95-e2432-g011)

Power Analysis
--------------

We adopted the statistical power analysis to reassess the available data when an alpha of 0.05 and beta of 0.2 were assigned. The power of eligible individual study ranged from 0.1% to 99.9%. The powers of most of outcomes in all eligible studies were \<50%, which is the level of power to detect a moderate effect size; however, it is noted that the power of patient tolerance and willings to repeat the same diet regime in future in Delegge et al^[@R14]^ and willings to repeat preparation in Melicharkova et al^[@R25]^ were 82.9%, 96.6%, and 99.9%, respectively. For these 6 outcomes, corresponding power of pooled effect estimates ranged from 5.3% to 99.5%. The specific values of power were summarized in Table [4](#T4){ref-type="table"}.

###### 

Power Analysis of Eligible Studies and Meta-Analyses

![](medi-95-e2432-g012)

DISCUSSION
==========

Adequacy of bowel preparation is critical to guarantee the accuracy and proper visualization of colonoscopy test and treatment.^[@R28]^ Consequently, several studies were performed to explore the optimal bowel preparation regime prior to colonoscopy. Traditionally, the CLD dietary regime was widely selected to perform the bowel preparation; however, obvious limits such as time-consuming, uncomfortable feelings of the patient, and lack of convenient obstacle the use of this approach.^[@R6]^ Although some studies published previously suggested that LRD was superior to CLD in terms of bowel preparation, others indicated no difference between 2 regimes. We performed this systematic review and meta-analysis of RCTs that compared LRD with CLD in terms of bowel preparation prior to colonoscopy to determine whether LRD is not-inferior to the CLD diet regime in terms of bowel preparation. Seven eligible studies with low or unclear risk of bias were eligible for our inclusion criteria based on a comprehensive search and critical appraisal.

Our findings suggested that LRD did not compromise the quality of bowel preparation relative to CLD and it was supported by moderate level evidence. This is consistent with results of most studies included into this separate meta-analysis on the given outcome. As well known, meta-analysis is a statistical method which is used to synthesize the information on the same topic from the homogeneous studies. Consequently, the more sample size will be accrued by using this method. And thus, we generated more accurate effect estimate based on accumulated sample size, and thus decreased the possibility of type 2 error due to more sample size was accumulated. In addition, Spada and colleagues planned a prospective, randomized-controlled trial to investigate the comparative efficacy of LRD compared to CLD before PillCam colon capsule endoscopy and corresponding result also supported our findings. It is noted that this pooled result was consistent with that of conference abstract of meta-analysis previously published.^[@R16]^

For efficacy of colon cleansing, our finding supported that these 2 regimes have similar efficacy, and is consistent with most of eligible studies. However, this pooled result on this outcome of interest generated from low level evidence, and thus the power of this outcome should be further explored. Delegge and colleagues^[@R14]^ performed study to determine whether a meal could be consumed during standard bowel preparation and obtained a result contrary to our result. Use of cathartic regime and more female participants may be key factors caused this difference. Moreover, a prospective study comparing oral sodium phosphate solution to a bowel cleansing preparation with nutrition food package in children conducted by El-Baba and colleagues supported LRD superior to CLD in terms of colon cleansing; however, sample participates from different population resulted in substantial variation of effects.

Patient tolerance, compliance with dietary regime, and willings to repeat the same bowel preparation regime in future were also evaluated. Our pooled results from moderate level evidence revealed that patients in the LRD regime were more tolerant to recommended bowel preparation regime and tend to select the same regime in future if colonoscopy is necessary. These 2 pooled results were consistent with that of all eligible studies. Not surprisingly, LRD was superior to CLD to improve these 2 outcomes. CLD is beneficial in helping to clear the bowels of residual contents; however, it is often difficult for the patient to not eat any solid food for the long period of time required for bowel cleansing^[@R5]^ and these limits could be addressed by using LRD. However, compliance with recommended dietary regime indicated no difference between groups. It is important that the pooled result on compliance with diet regime generated from very low level evidence and thus the comparative effects of LRD versus CLD in terms of compliance with recommend diet regime should be tested through planning further topic-related studies. Although LRD addressed some shortcomings of CLD, the dietary listed in the LRD regime was common difficultly obtained by patients and thus impaired the compliance of them with recommended regime.^[@R5]^

In order to evaluate the safety of LRD relative to CLD, we performed meta-analysis to assess the incidence of AEs between groups. First, we analyzed the overall incidence of AEs, the result which was supported by moderate level evidence indicated no significant difference. Second, we conducted 6 separate meta-analyses to assess the incidence of individual AE; these summary results indicted also no difference. Comprehensive analysis on AEs confirmed that the safety of LRD was comparable to that of CLD. However, the statistical power of pooled result on overall AEs is just 5.3%, which is far away from 80%, and thus further RCTs with large scale and high quality are warranted to determine these AEs.

Although only RCT with full-text was fallen into our inclusion criteria, 4 topic-related conference abstracts with sufficient information were worth to further analyses. Butt and colleagues^[@R29]^ recruited 226 participants with average age of 53 years to investigate the comparative effectiveness of white diet (similar to LRD) versus CLD and obtained expected results that were consistent with findings in our systematic review and meta-analysis. This study suggested that white diet is not inferior to CLD for the quality of bowel preparation; moreover, patient tolerance and willings to repeat this given regime in white diet are significantly higher than that of CLD (*P* \< 0.01). Takyar and colleagues^[@R30]^ analyzed the data from their study comparing LRD with CLD in terms of bowel preparation quality, overall patient tolerance, and side-effect profile by using interim analysis, in which 65 participants with mean age of (56.43 ± 4.80) and (57.25 ± 4.60) between groups were enrolled. This interim analysis indicated LRD has equal effectiveness with CLD and the incidence of side effect profile was not different between these 2 regimes, whereas this study also suggested that LRD did not improve the overall patient tolerance relative to CLD. Although patient tolerance in this study is contrary to our findings, the small sample size in Takyar\'s study may account for this discrepancy. Tan^[@R31]^ and colleagues explored the comparative efficacy of LRD combined with low volume solution compared to standard bowel preparation (CLD) by using the data from 101 adult patients. Same with our findings, this study found LRD not only did not compromise the bowel preparation, but bettered patient tolerance as well. Remaining^[@R32]^ was performed by Walter and colleagues used BBPS to assess the bowel preparation quality and supported LRD was not-inferior to CLD, in keeping with our findings.

Moreover, LRD have some advantages for bowel preparation prior to colonoscopy compared to CLD; however, the disadvantages and contraindications of LRD should also be noted. Because the LRD is a diet regime which is designed to decrease the mechanical stimulation of intestinal tract and prolong the intestinal transiting time through reducing the food residue. And thus it can promote wound healing. For these purposes, the diet regime will restrict the food elements which can increase bowel activity. Given this point, long-term use of this diet regime will cause deficiency of vitamin including vitamin C and folic acid and mineral substances such as potassium and calcium. In addition, constipation will occur when 1 is prescribed to long-term use LRD due to sufficient hydrated is not consumed. Certainly, sufficient calorie and protein should also be took in if long-term use of this given diet regime. Considered from these disadvantages, patients with vitamin and protein deficiency and lower intestinal tract mobility, especially patients with lower gastrointestinal motility diseases such as constipation, should not be prescribed to use the LRD regime.

The power, a statistical index, is the probability of correctly rejecting the null hypothesis. That said, alternative hypothesis (H1) is true, so the statistical power is 1 -- *β*.^[@R33]^ Typically, *α* is set to be as 0.05 so that to guard against Type I error, while β evaluates to 0.20 to guard against Type II error.^[@R34]^ As a result, reality just can be maximum determined when power of statistical test is \>80%. For all eligible original studies, no more than 3 outcome measures of interest reported by 2 studies^[@R14],[@R25]^ have a power of \>80%, and remains were all \<80%. Most importantly, the powers of 2 outcomes including patient tolerance and compliance with dietary regime reported by Rapier et al^[@R5]^ were just 0.1% and 0.3%, respectively. Although the meta-analyses were used to aggregate the sample size for the purpose of increasing the precision of result, the powers of our findings were also unsatisfactory. These findings suggested that there is insufficient evidence to investigate the comparative effects between LRD and CLD on the day before colonoscopy and thus additional studies with high quality and large scale are still warranted.

We performed this systematic review and meta-analysis based on a comprehensive literature search and critical appraisal of original studies. Therefore, more accurate results for most of outcomes of interest were generated from our study. However, some limitations existed in our meta-analysis were needed to discussed. First, these conference abstracts with essential information were not included to compute summary effect estimates and just performed qualitatively analysis, as well as this may impair the power of our findings. Second, language restriction was imposed in our study and more eligible studies could be captured if the search was extended. Selection bias caused by language restriction may reduce the robustness of this meta-analysis. Third, although we prespecified inclusion criteria, the LRD regime varies slightly from 1 study to the others, and this bias may also negatively affect our findings. Finally, the publication bias was not performed owing to an insufficient number of eligible studies on each outcome measure of interest. So power of these pooled results may be impaired if publication bias existed.

CONCLUSION
==========

Our meta-analysis did not find difference between LRD and CLD in bowel preparation before colonoscopy. Although significant differences were not apparent in efficacy of colon cleansing, compliance with recommended bowel preparation regime and AEs, patient tolerance and willings to repeat the same bowel preparation in future were improved in the LRD group. With the best available evidence, LRD could be recommended to be as a standard regime for bowel preparation prior to colonoscopy.
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Abbreviations: AEs = adverse events, BBPS = Boston Bowel Preparation Scale, CENTRAL = Cochrane Central Register of Controlled Trials, CIs = confidence intervals, CLD = clear liquid diet, CRC = colorectal cancer, GRADE = Grades of Recommendation Assessment Development and Evaluation, ITT = intention-to-treat, IV = inverse variance, LRD = low-residue diet, MH = Mantel-Haenszel, OBPS = Ottawa Bowel Preparation Scale, PRISMA = Preferred Reporting Items for Systematic Review and Meta-analysis, RCTs = randomized controlled trials, RR = relative risk, SMD = standardized mean difference.

Clinical Relevancy Statement: Adequate bowel preparation is the guarantee of a proper visualization and diagnostic accuracy during colonoscopy. Traditionally, clear liquid diet (CLD) is the option to perform the bowel preparation on the day prior to colonoscopy. However, several studies suggested that low-residue diet (LRD) obtains the clinical effectiveness and safety is comparable to that of CLD, but remaining studies generate controversial findings. We performed this systematic review and meta-analysis to further assess the comparative effectiveness and safety of LRD relative to CLD in patients who scheduled to colonoscopy. On the basis of summarized results, we found that LRD was not-inferior to CLD for bowel preparation and LRD improved patient tolerance and willingness to repeat preparation, as well as AEs were not increased. As a result, we recommended the LRD to be as the standard bowel preparation regime for patients scheduled to colonoscopy.
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